T he complete scope of workplace factors that can affect the reproductive system is not completely known. A joint report from the Department of Labor and the Equal Employment Opportunity Commission (EEOC) states that as many as 20 million job s may expose workers to alleged reproductive hazards (Keleher, 1991) .
Proving a causal association between workplace condition s and reproductive health is difficult. Evaluation is confounded by a number of factors, including occupational exposure to multiple agents and exposure to non-occupational factors, and by the need to evaluate any association relative to the background incidence of the outcome being studied (Keleher, 1991) .
Disorders of reproduction may include infertility, impotence, menstrual disorders, spontaneous abortion, low birth weight, birth defects, mental retardation, and various genetic diseases. The causes of these disorders are largely unknown.
Occupational health nurses must consider employees' concerns about the potential effects of occupational exposures on reproductive health. Reproductive damage can occur as a result of occupational exposure to a number of chemical substances-for instance, glycol ethers, a group of chemicals used in a variety of industrial settings. A growing body of scientific data supports the association between occupational exposure to certain
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BACKGROUND
The term " glycol ethers" refers to a group of chemicals used in a variety of industries, primarily as solvents. Introduced in the late 1920s, they have since come into widespread industrial use (Wise, 1993) .
The physical properties of glycol ethers allow them to serve a number of functions for a variety of products. Glycol ethers are used in the manufacture of printed circuit boards, as an intermediate in the manufacture of plasticizers and coatings, in photography and dyeing applications, in solvent applications for surface coatings, and as a jet fuel deicer for the military (Code of Federal Regulations, 1993) .
HEALTH EFFECTS
Exposure to glycol ethers can occur through inhalation, skin contact , or ingestion , though the most common routes of exposure are inhalation and skin contact. Overexposure to these compounds can result in a number of health effects. Short term exposure can cause irritation to the eyes and upper respiratory tract if glycol ethers are inhaled, and mild skin irritation if skin contact occurs. Ingestion of large doses may cause vomiting or death. Systemic effects from short term exposure may include lung, kidney, and brain damage (Truat, 1979) .
Long term exposure can lead to kidney, liver, and lung damage, but the most common effects are those
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related to the hematopoietic and reproductive systems. Most ethylene glycol ethers damage the red blood cells by increasing their fragility, and some damage the bone marrow and thymus, resulting in anemia, leukopenia, and pancytopenia. Aging cells are particularly susceptible (Truat, 1979) . Reproductive effects include testicular degeneration, spontaneous abortion, and reduced sperm count. Evidence of these reproductive effects is available from both animal and human study data (Code of Federal Regulations, 1993) .
OSHA REGULATION
Four of the glycol ethers most commonly used in industry are 2-Methoxyethanol (EGME) and its acetate EGMEA, and 2-Ethoxyethanol (EGEE) and its acetate EGEEA. The Occupation al Safety and Health Administration (OSHA) has regulated exposure to these substances since 1971 under the Occupational Safety and Health Act of 1970.
Experimental animal studies dating back to the late 1970s have consistently demonstrated adverse reproductive and developmental effects from exposure to these four substances (Code of Federal Regulations, 1993) . More recently, experimental studies involving exposure in humans have demonstrated evidence of similar findings.
OSHA has proposed a revised standard to limit exposure to the four ethylene glycol ethers, based on the determination that the current standards do not adequately address the developmental and reproductive effects associated with exposure (Code of Federal Regulations, 1993) .
The proposed standard would reduce the permissible exposure limits (PEL) for EGME and EGMEA to 0.1 ppm, down from 25 ppm, and the PEL for EGEE and EGEEA from 200 ppm and 100 ppm, respectively, to 0.5 ppm. The PELs are measured on the basis of an 8 hour, time weighted average (TWA). Skin contact would be prohibited. Notice of the proposed standard was published in the March 23, 1993 Federal Register. Currently, the final standard is being written. OSHA expects that, if the current regulatory agenda is followed, the final rule will be published in the Spring of 1995.
OTHER GLYCOL ETHERS
In addition to the four ethylene glycol ethers, other 414 types of glycol ethers are used in industry. Propylene glycol ethers are used as solvents for paints, lacquers, resins, and fat. The propylene glycol ethers have low acute toxicity and exert their main effect, CNS depression, only at high levels (Stewart, 1970) . Ethylene glycol monobutyl ether (EGBE) and ethylene glycol monobutyl ether acetate (EGBEA) are used as solvents in coatings such as spray and quick dry lacquers, varnishes, and latex paint. Workers who may be exposed to this substance include janitors, printing machine operators, commercial printing and lithographic workers, and automobile mechanics.
Animal studies using EGBE demonstrated no adverse effects on the male reproductive system (Krasavage, 1986) although EGBE exposure was associated in pregnant female animals with fetal death at lethal doses (Schuler, 1984) .
EXPOSURE/EXPOSURE CONTROL METHODS
The preferred method of reducing exposure to glycol ethers is through use of engineering controls or work practice controls. An effective engineering control is local exhaust ventilation, by itself or in combination with process enclosure . An example of an effective work practice control is limiting access to exposure areas to only authorized, trained personnel and placing the employee "upwind" when performing tasks that generate airborne vapors.
Substitution can be instituted by using a less toxic material or by a change in process. Many industries and companies are substituting the four ethylene glycol ethers for other glycol ethers or chemicals that are not known at this time to cause adverse reproductive and developmental effects.
The feasibility of substitution depends on its use. According to the Chemical Manufacturer's Association , no single "drop in" substitute can be used in all applications for a given chemical. The process of substitution may take many years because of the need to test new formulations with trial runs and feedback to meet consumer regulations (Wise, 1993) .
Some of the chemicals used as substitutes include propylene glycol monomethyl ether, ethylene glycol monobutyl ether, ethylene glycol monopropyl ether, and their acetates. These six account for almost 90 % of reported substitutions. Scientific evidence suggests that these substances pose a lower hazard than the four glycol ethers being con sidered in OSHA's propo sed standard (Code of Federal Regulations, 1993) . When acceptable levels cannot be achieved with engineering and work practice controls, per sonal protecti ve equipment (PPE) is used . Selection of the proper equipment is based on the type of exposure anticipated, the conditions of use, and the hazard to be prevented . Examples of PPE used to protect against exposure to glycol ethers are respirators and protective clothing such as face shields, gloves, and chemical resi stant aprons.
REVIEW OF THREE EPIDEMIOLOGIC STUDIES
Data regarding humans are generally not readily available for reproductive and developmental outcomes. Therefore, animal studies are widely used to determine risk of these outcomes in humans. Animal studies demonstrating the reproductive toxicity of several of the glycol ethers have been available since 1979. Human data have been limited until recently.
Three recent epidemiologic studies have been conducted within the semiconductor industry to measure the association between exposure to glycol ethers and reproductive outcomes. The results of these studies are summarized in the following section.
Pastides Study
The first study to demonstrate adverse reproductive effects in the semiconductor industry was a retrospective study of employees in a semiconductor manufacturing facility in Massachusetts (Digital Equipment Corporation). The purpose of the study was to investigate the risk of adverse reproductive outcomes among semiconductor manufacturers (Pastides, 1988) .
In this study, current and former female employees, as well as spouses of male employees, were assigned to one of three groups-the unexposed group, the photolithography group, and the diffusion group. The unexposed group included those employees working in nonmanufacturing jobs, such as administrative and clerical staff. The photolithography group included those employees exposed to chemicals, including glycol ethers. The diffusion group included employees exposed to chemicals other than glycol ethers.
In comparison to the unexposed groups, there was an increased risk of spontaneous abortion observed in the photolithography group and in the diffusion group. However, in the photolithography group of employees potentially exposed to glycol ethers, the increased risk of spontaneous abortion was not statistically significant. All relative risks reflected a small sample size-16 pregnancies in the photolithography group and 18 pregnancies in the diffusion group. Although the results of this study were not definitive, the study did lead to larger and more explicit studies (Pastides, 1988) .
IBM Studies
The IBM studies were conducted by investigators at Johns Hopkins University. A retrospective and prospective study were conducted to determine if there was an excess of reproductive health problems among IBM employees at two semiconductor manufacturing facilities (Grey, 1992) . Data analysis from the IBM study focused on spontaneous abortion rates and other adverse pregnancy outcomes.
Female employees from both IBM sites who experienced pregnancies during employment at IBM from January 1980 to 1989 were interviewed. A total of 3,000 employees were included in the retrospective study, and 148 employees were included in the prospective study. 1994, VOL. 42, NO.9 The association between glycol ether exposure and adverse reproductive outcome is strengthened by the consistency ofstudy findings and biological plausibility.
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In the retrospective study, a series of exposure classifications was developed. First, employees were classified into three main areas of work: the clean rooms, other manufacturing, and non-manufacturing areas. Clean room employees were those exposed to a variety of chemicals, including the ethylene glycol ethers (EGEs). Other manufacturing employees worked in areas requiring chemical use other than the EGEs and nonnanufacturing employees had no chemical exposures.
The rate of spontaneous abortion was 16.7% among women working in clean rooms and 15.1% among those working in non-clean room areas. There were no consistent, statistically significant differences in the rates of spontaneous abortion among clean room employees when compared to women in other manufacturing or non-manufacturing areas.
At the next level of classification, employees in the clean rooms were grouped by process specific chemical exposure. The EGEs were identified as chemicals of particular interest because of their known reproductive toxicology. The processes requiring EGE use were classified into those having high potential EGE exposure; medium potential EGE exposure; and low potential EGE exposure.
Results of these analyses showed that employees with high exposure to glycol ethers had higher rates of spontaneous abortion when compared to women with low exposure to glycol ethers. The relative risk of spontaneous abortion for high exposure processes was 2.8 (95% confidence interval = 1.4-5.6), compared to 1.4 (95% confidence interval = 0.8-2.6) for processes involving lower exposure to glycol ethers. This risk ratio was statistically significant.
In the prospective study, women collected daily urine specimens and kept daily diaries from June 1989 to September 1991. The urine specimens were analyzed to detect early pregnancies and pregnancy loss. Ninety-two pregnancies were detected, 60 of which were clinically recognized by the women, and 32 of which were detected subclinically by urine assay.
The rates of pregnancy loss were 56.8% among clean room employees, 47.5% for non-manufacturing employees, and 25% for other manufacturing employees. These differences were not statistically significant; however, results of this study were based on a small sample size.
In summary, the IBM study is the largest and most detailed study of reproductive health effects in the semiconductor industry. Although there were no consistent, statistically significant differences in the rates of pregnancy loss among clean room employees when compared to non-clean room employees, the analyses strongly suggested that EGE-based chemical use was associated with an increased risk of spontaneous abortion.
Semiconductor Industry Association Study
The Semiconductor Industry Association (SIA) study was conducted by a group of researchers at the University of California at Davis in conjunction with the University of California at Berkeley. The purpose of the study was to test the hypothesis that fabrication work in the semiconductor industry is associated with an increased risk of spontaneous abortion. The study was carried out with the cooperation of the Semiconductor Industry Association, a trade association that represents U.S. manufacturers who employ semiconductor workers. Fourteen manufacturing sites were included in this study (Schenker, 1992) .
The SIA study included a detailed industrial hygiene and exposure assessment, a retrospective study, a prospective study, and a cross sectional study that investigated nonreproductive health outcomes.
In the retrospective study, female employees aged 18 to 44 years who became pregnant while working full time between 1986 and 1989 were eligible for inclusion. Following the screening criteria, 904 women eligible for inclusion were interviewed about their work practices, reproductive history, and personal health habits during pregnancy. For women having more than one pregnancy, one pregnancy was selected randomly for inclusion into the study.
Women were first classified by whether or not they worked in a fabrication room, then by work group or job process, and finally by exposure to each of 12 chemicals being investigated. These chemicals included the ethylene glycol ethers. The designation of fabrication work in this study approximates the Clean Room designation in the IBM study.
The first level of analysis showed an increased risk of spontaneous abortion among fabrication workers compared to non-fabrication workers (1.43, 95% confidence interval = 0.95-2.09). This relative risk ratio was statistically significant.
At the second level of analysis, there was increased risk of spontaneous abortion among women working with certain solvents, including glycol ethers. However, there was considerable overlap among agents, in that a woman's usual activities often required her to work with multiple agents and in more than one workgroup. Data suggest that only higher level exposure to these chemicals was associated with increased spontaneous abortion risk (Swan, 1993) .
At the third level of classification, six agents appeared to be strongly associated with spontaneous abortion. These were three solvents (ethylene glycol ethers, xylene, and n-butyl acetate), acetone, fluoride, and stress.
It was not possible to separate the effects of glycol ethers from the effects of other solvents such as xylene and n-butyl acetate (Swan, 1993) .
In the prospective study 481 women completing a baseline interview were included in the study. Participants collected urine specimens to assess pregnancy and early pregnancy loss and kept diaries to record menstrual cycle characteristics. Menstrual cycle length, conception rates, and spontaneous abortion rates were analyzed.
Nineteen fabrication workers and 34 non-fabrication workers became pregnant during the study, including clinically recognized and occult pregnancies. The crude conception rate between fabrication and non-fabrication employees was similar. The overall spontaneous abortion rate for fabrication workers was 69% compared to 43% for non-fabrication workers.
Three of the 53 employees who became pregnant during the prospective study were exposed to ethylene glycol ethers. All three of them had a spontaneous abortion. This resulted in an abortion rate of 100% among employees with any degree of exposure to glycol ethers, compared to an abortion rate of 56% for women with no exposure to glycol ethers. However, these three employees were in the group with the lowest exposure to glycol ethers, and were also exposed to other agents, such as fluoride and stress. In this study, analysis of specific agents and spontaneous abortion was limited because of the small number of pregnancies (Swan, 1993) . In summary, the SIA study reported an increased risk of spontaneous abortion among female fabrication employees as compared to women working in non-fabrication areas. The ethylene glycol ethers were one of six types of agents whose use was associated with a statistically significant increased risk of spontaneous abortion.
Comparison of the Studies
Five studies within the semiconductor industry have examined the relationship between pregnancy loss in humans and exposure to chemicals, in particular exposure to ethylene glycol ethers. These studies include the three retrospective studies (DEC, IBM, SIA) and the two prospective studies (IBM and SIA). Although not all of the relative risks were statistically significant, the association between glycol ether exposure and adverse reproductive outcome is strengthened by the consistency of study findings and biological plausibility (Swan, 1993) .
The retrospective studies show remarkable consistency, particularly given that the study designs were not the same and that the relative risk ratios were similar (Table 1 ). In both the IBM and SIA studies there is internal consistency, with the prospective studies supporting the findings of the larger retrospective studies (Swan, 1993) .
Animal toxicology data show that EGE exposure during pregnancy causes both fetal loss and developmental defects in offspring. These data provide evidence for the biological plausibility of an effect of EGE exposure on pregnancy loss in humans. According to the authors of the SIA and IBM studies, it is conceivable that some unmeasured exposure or confounder could account for the findings (Swan, 1993) . Both authors also address the limitation that glycol ether exposure could not be statistically or analytically separated from several other exposures seen in these workplaces (xylene and nBA ). However, the consistency of findings and the plausibility of exposure and outcome help to strengthen the causal association between glycol ether exposure and adverse reproductive outcomes.
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ROLE OF THE OCCUPATIONAL HEALTH NURSE
OSHA estimates that there are approximately 12 industry categories in which workers may be exposed to glycol ethers. Many of these categories include workers employed in small businesses while some categories, such as the manufacture of glycol ethers, may include workers employed in larger companies. Regardless of the job category or size of the industry, the occupational health nurse can provide a number of services to these employees , including health surveillance, counseling, and training and education.
Health Surveillance
The purpose of health surveillance is to describe and monitor a health event based on the systematic collection of health and exposure data . These data are used to determine the needs for occupational safety and health activities and to implement and evaluate interventions (McDiarmid, 1992) .
The health surveillance examination for employees exposed to glycol ethers should ideally include medical , work, and reproductive histories , a physical examination, and blood analysis (Welch, 1993) . The work and medical history is necessary to determine any past employment which may have exposed the employee to glycol ethers or SEPTEMBER 1994, VOL. 42, NO.9 any other hazardous exposure and to determine the existence of any medical condition, which may warrant a reduction in exposure to glycol ether s.
The reproductive history is a tool to assist the occupational health nurse in responding to questions and symptoms that may be reported by employees. In the event that a reproductive abnormality is detected from the reproductive questionnaire, the abnormality will require further evaluation.
At this point a more detailed reproductive questionnaire may be used and the employee referred to an infertility specialist. The occupational health nurse should provide a description of the employee's job and exposure information to the infertility specialist, as this person may know little about work exposures (Welch, 1993) .
In addition to following individual employees, health surveillance also should focus on the observation of group trends. If only individuals are followed, the occupational health nurse will have difficulty attributing reproductive problems, determined by history, to exposure. In examining group data the occupational health nurse may learn that several employees with a common exposure are experiencing a common health problem.
The occupational health nurse should periodically compare grouped data from potentially exposed employees with data from non-expo sed employees to assess whether exposure may be affecting the health of employees. Data from newly hired employees may be used as control data .
The physical examination should focus on those organ systems most likely to be adversely affected by exposure to glycol ethers . The skin should be examined for conditions that might facilitate dermal absorpt ion of glycol ethers, such as dermatitis. Glycol ethers also can be irritating to the mucou s membranes and upper respira- tory tract; therefore, evaluation of these systems is necessary.
The hematologic system is also affected by exposure, and a blood analysis taken at the initial examination will reveal any hematologic conditions which may exist prior to exposure. A similar blood analysis taken on an annual 418 basis may reveal any hematologic condition occurring as a result of exposure. A drop in the red and white cell count or in the hemoglobin and hematocrit concentration should trigger further investigation (Welch, 1993) .
Counseling
Pre-pregnancy counseling is another important role of the occupational health nurse. Preconception counseling includes the assessment of risk, health promotion and intervention, and follow up on any concerns or symptoms reported by the employee (Paul, 1988) . Women should be encouraged to report their pregnancies to their employers early in the pregnancy. The goal of counseling a female employee is to enable her to minimize the risks to herself and to her fetus, and to help her remain on the job in a safe workplace for as long as she desires.
Training and Education
All employees who are potentially exposed to glycol ethers should receive training, ideally at the time of initial assignment to a job involving exposure. As required by the OSHA Hazard Communication Standard, employees must be informed of the chemicals encountered during performance of their job duties.
Employees working with glycol ethers should be educated about the potential hazards of exposure, routes of exposure, signs and symptoms of exposure, and methods for minimizing exposure.
Current Databases
Several databases are available to the occupational health nurse to assist in the assessment and evaluation of reproductive and developmental workplace hazards. Listed in Table 2 are some of the current computer databases; there are also organizations and agencies on the state and federal level that are involved in education, political activities, and continuing education activities. For example, governmental agencies such as the Agency for Toxic Substances and Disease Registry (Atlanta, GA) provides consultation services and develops and disseminates materials on the health effects of toxic substances to health care providers (Paul, 1993) .
CONCLUSION
Evaluation of adverse reproductive outcomes is difficult. Potential reproductive damage can result from occupational exposure to a number of physical and chemical agents. A growing body of evidence from both animal and human studies supports the causal association between occupational exposure to certain glycol ethers and adverse reproductive outcomes. The occupational health nurse should be aware of the findings of these studies to help evaluate the health of employees exposed to glycol ethers.
When OSHA finalizes the proposed rule on exposure to glycol ethers, all employees exposed to glycol ethers will require more frequent monitoring and health surveillance. Small businesses will need to develop surveillance Snow, JE.
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